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(54) HIGH SPEED SURFACE FINISHING METHOD 

(71) We, Kabushiki Kaisha Shikishima Tipton, of No. 1, Toyoshiro- 
cho, Minami-ku, City of Nagoya, Aichi Prefecture, Japan, a Body Corporate orga- 
nized and existing under the law of Japan, do hereby declare the invention, for 
which we pray that a patent may be granted to us, and the method by which it is to 

5 be performed, to be particularly described in and by the following statement: — 5 

This invention relates to a method of surface finishing workpieces within a 
barrel of an equilateral polygonal cross-section gyrating at a high speed. 

In the past, there have been proposed various forms of die surface finishing 
method referred to. For example, British Patent Specification No. 1,047,703 to H. 

10 Kobayashi discloses a siu'face finishing method comprising loading a mixture of work- 10 
pieces and granular abrasives into at least one barrel having an internal cross-section 
in the shape of an equilateral polygon having from five to eight sides in such a 
maimer that the mixture fills about one half of the barrel, and causing the banrel to 
gyrate about a fixed axis parallel to the axis of the barrel but not passing dirough 

15 the interior of the barrel while maintaming the barrel in a fixed orientation, at such 15 
a speed that the centri^gal force on the mixture in the barrel is greater than the 
force of gravity thereon so that relative movement occurs between the mixture and 
the abrasives in the free surface layer only of the mixture in the barrel and succes- 
sive portions of the mixture are brought into and removed from the siu^ace layer 

20 by the gyration of the barrel. 20 
According to the surface finishing method just oudined the barrel may revolve 
about the said fixed axis m one direction while at the same time it rotates about its 
own axis in the opposite direction so as to maintain the barrel in the fixed orienta- 
tion. Thus it will be appreciated that the barrel gyrates with the ratio of the num- 

25 ber n of rotations to the number N of revolutions in imit time remaining undianged 25 
or equal to minus one. The term "minus" means that the rotation is effeaed in the 
direction opposite to die direction of revolution. While this ratio of nunus one 
generally gives satisfactory results it has been found that, if the ratio is greater or less 
than ramus one, the operation may become very dangerous unless the ratio of the 

30 radius R of revolution (i.e- distance between the said fixed axis and the axis of the 30 
barrel) to the radius r of the drcumdrcle of the polygonal cross-section of the barrel 
is properly selected. 

Also U.S. Patent No. 2,937,814 to A. Joisel discloses a ball crusher compris- 
ing a plurality of circularly cylindrical tubs gyrating at a high speed and teaches . 

35 the preferred relationship between the distance from the axis of the crusher tub 35 
to the axis of the associated rotating frame and the inside radius of the rab and 
between the speed of revolution of tiic tub b relation to the frame and the speed 
of rotation of the frame. The latter patent is based on the phenomena that a mass 
comprising a mixture of workpieces to be crushed and crushing balls falls downwardly 

40 along the internal wall of the tub while it maintains a se^entally cylindrical shape 40 
substantially similar to the shape in whidi the mass was initially loaded in the tub 
or while the mass in the segmentally cylindrical shape collapses to a great extent 
to rush down along the internal wall of die mb thereby to crush the workpieces 
against the internal tub wall. Thus such a crusher relies upon the utilization of the 

45 centrifugal force exerted on die outermost portion of the mass sliding down along 45 
the internal wail of the rotating and revolving tub. This is distinctively different 
from the surface finishing method to which British Specification 1,047,703 and the 
present Specification relate, in which the centrifugal force is everted only on a free 
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surface layer of a mass which";:;^^;~iv^ liferent nuss pordons brought 

^°^°¥hVr^?orp"«.jides a surf-^^^M^^od^r/^^ 
of workpicccs and abrasives >°" "J^^^^^X^m five to eight sides in such a 
in the shape of an equilateral P^^W, Jf T^g,J^e!, causing the barrel to rotate 
banner that a substantial free « '^^f ^f^J Snfper Lit time, and at the 
in one direction about its o^n ^xiszt^ ° "5^^ jir^on about a fixed ax« 

same time causing the barrel to »« ^^^PIJ^^ »he barrel at a rate of N 

parallel to and located at » ^.stance R torn axjs ^^^^ ^ drcamcrde 
devolutions per umt time ^h«c K.s grater tm^ ^ ^ „ a 

^^^i^^ll^i^X'-Sr^l s^rCR^n/N). *e method is carried out at an 
operating point I(r, N)l whose coordinates (-, -) satisfy the relations 

R 

and 1.5 <— <8. 
r 

The barrel may gy«te at a ST^^r^tZ^S. 
the specific gravity ^^^^^"^ °' j^^^ finishing work- 

The invention is based "P<>° 5^= . "'^Hn Mch a manner that the polishmg 
pieces widiin a ^ring barrd ^J^^^ ^^^ft a mXe of workpie«s and 
Uon is accompUshed only ^/^'^.^^^'^JI^oS of die mixture are brought into 
abrasives in the barrel "^^^'^J^^ by Ae*^tion of the barrel, a safe, cffiaent 
and removed from J^*^ selecting die radii of revolution and 

finishing operation can be Pfrfo^^I by properly s^^ ^^^^^^.^^ barrel, 

rotation of the barrel, f "J*^ ° hSe value of which is greater than unity. . 
for a negaave value of n/N the *bsoUite varue .^^^^^ cross-section m 

Also it has been found that ^^baff^' ,!^^g„e eight sides. If the barrel is 
the shai« of an equilate^ Ipolygon ha^^ SieT diagonal is excessively 

in the shape of I^uilaterd mangle ^^juar . cross-sectonal area, 

greater than the """^V™ °^ Jha^^ Saded to abouf 50% by volume, the 
With a gyrating barrel of ^^^^'S^^ barrel causes the surface layer of the 
centrifugal force due ^'LsSne through a diagonal to be trans- 

mass in the barrel posmoned on * ^J'^J^SSdi the ne« one of the said straight 
ferred on the ^'^'^ f^'fZ.^ LT^ ccn^l^^^ of the surface layer 
area-bisecting hn« m such a n^«»« Savrwhich, in turn, strikes against the 
Se^oVKr^tSe^^ tl^t satisfa^ory surface finishing is not 

barrel having - Jnjernal -™ ^fi^^'j^^^S!^ 
polygon having from five w eight ^^^e occurring. On the other 

ferred from one surface ^s^Sion in the shape of an equilateral polygon 

hand, a barrel l**^'"? ^" 'f^wS" of circul^cross-section in operation. 

rKsuch^a^^itrsl^a^^^^^ internal wall thereof resulting m uneven 

further been four^^t b^^f -'f; ^ ra^dtT— n ^^^r 
speed corresponding to ^/^^^^^•^''S:hfAtc s^ the higher the polish- 
barrel m metres /t will be ui^eraoou^nat ^ ^^e mechanical strength 
S^Sa^lnaSe ^Ss forTe Apparatus. Te maximum speed of gyration 
will generally be 350/ ^/2R r^.in. . preferably not less than l:«>by 

The propomon of wofkpeos. w -braswes proportions just specified 

volume. A mixture of fn aS^ount wuTl to from 40 to 709f 

is loaded in a barrel sud. as abo^ Jffh^S of Te ISerSl volume of the barrel. 

^bt^vi^^^'Tth rin'S organic, inorganic or metallic materials 
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e.g. in the form of a slurry, or soUd e.g. a powder or a spherical solid or mixtures 

*"*^e invention is equally applicable to wet or dry finishing processes. 

The invention wiU be further described in conjunction with die accompanying 
drawings in whidi:— . , • j 

Figure 1 is a front elevational view of an apparatus operable m accordance 
with the invention; , ■ j 

Figure 2 is a side elevational view of the apparatus as viewed on the nght- 
hand side of Figure 1; ... . • * „ j,:„» 

Figure 3 is a fragmental side elevational view, partly in secaon, of a drive for 
rotating and revolving a barrel in opposite directions; ^. , ^. . ui * 

Figure 4 is a sectional view of barrels of different radial dunensions capable of 
being selectively mounted in a barrel housing shown in Figures 1 and 2 with the 
distance R between the axes of revolution and rotation of die barrel remaimng un- 
changed, ±e section being taken along the line IV— IV of Kgure 2; 

Figure 5 is a view similar to Figure 4 but illustraung barrels of the same radial 
dimension disposed at different distances from die axis of revolution thereof; ^ 

Figure 6 is a view similar to Figure 4 but illustrating die case in which — • 

has different values while R+r remains undianged; 

Figure 7 is a diagram useful in calculating the speed of an arbitrary pomt on a 

''^"^Figure 8 is a diagram useful in obtaining an equation for a locus described by 
the point A shown in Figure 7; i^j. 
Figure 9 is a graph plotting centrifugal force on each of tiiree preseleaed por- 
tions of the barrel against the ratio of the rates n and N of rotation and revolution 

°^ 10 is a graph illustrating the experimental relationship between the total 
amount of workpieces removed in polishing and the rate of revolution of the barrel 
with R, r constant and n/N= — l; . 

Figure 11 is a graph illustrating the relauonship between pohshmg efficiency and 
n/N with R and r constant; , , , . _ . 

Figure 12 is a graph plotting the centrifugal force and die pohshmg efficiency 
against R for n/N = — 1; , . _. . _ _ , ..^^ 

Figure 13 is a graph plotting the polishing effiaency against n/N for different 

^'"^Fi^c''l4 is a graph illustraung the values of n/N with which the polishing 
efficiency is maximum for different values of R/r; 

Figure 15 is a graph illustrating the dependence of die pohshmg efficiency upon 
both nm and R/r with r and N remaining unchanged; 

Figure 16 is a graph plotting die pohshmg effiaency agamst n/N for dif- 
ferent values of R/r with R -I- r remaining unchanged; ,. « 

Figure 17 « a graph illustrating a curve for the maxunum polishmg effi- 
ciency and a curve for polishing efficiency with n/N=-l against RA, and 

Figure 18 is a graph illustrating die effiaent ranges of n/N and R/r taught 
by the invention. _ , , xt t. j \^ 

The apparatus illustrated comprises a framework 10 of U-shaped cross-section, 
a main horizontal shaft 12 joumalled at bodi ends in a pair of bearing 14, 14 
disposed on die legs of the U, and a pair of spaced support discs 16, 16 secured 
adjacent to one end portion of the main shaft 12 and havmg sandwiched dierebe- 
tween a plurality of sleeves 18 disposed at substantially equal angular mtervals 
on die outer peripheral portion. A cj'lindrical housing 20 is carried in cantilever 
fashion by a barrel shaft 22 supported in eadi sleeve 18 and has mounted therein one 
of a plurality of barrels 24a, b and c of different radial dimensions (see Figure 4). 
While the barrel 24 is shown as having a hexagonal cross-section it is to be under- 
stood that its cross-section may be a regular pentagon, heptagon or octagon as pre- 
viously pointed out. , , . , , . 

Each barrel shaft 22 is provided at that end remote from the assoaated housmg 
20 widi a sprocket wheel 26, each sprocket wheel being coupled through an endless 
chain 30 to a different one of a plurality of aligned spro(±et wheels 28 mounted 
on die main shaft 12 for rotation relative to die latter, die wheels 28 being integral 
with each other. - - i. c_ 

An electric motor 32 is rigidly secured on the bottom poruon of the frame- 
work 10 and has a pulley 34 secured on its output shaft (not shown). The pulley 34 
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is operativcly coupled - another pulley^f^^ 

end through an endless belt 38. Another elecUK motw „, ^ 

work 10 las a pulley « mounted on ^Jaftjo be gea^ 
change gearing 44 through an "'"^..J^'l^^-i^riTCly W «> a prcselerted one 
44. The laner includes an o"*?"^ P""^yJ° m± the arrangement illus- 

of the sprocket wheels 28 through an endtess '^l* JT-j-To^ 54 (Figure 3) to 
;Led the motor 32 '° .^^^f^^^ ^^^5 

drive the support discs ^6 m ti^i^ da^oni^ ^^^^^^^^ ^ ^^^^^ ^^,^^,3 

S^d 5.eJSor»u°^^/ -^°Sa^r20^J 2^4 in the direction of the arrow 
-.T^^c « ifwiU be app«c.ted that wh^ *c f^^^^^^t^ 
a uniform speed in the d^«;t.°n of d^e ^^^^^/^jJ^Se axes of shafts 22 at a uni- 

°pS?^»^^^^^^^^ at a 

highlKJ^toT^^^^^^^^ 

or a mixture of workp.eces ^"i^55^"J,«„?'J^2''i^, °|ich are farthest from the 

*°"?,'"JafS"^dily „nd»s,o«d tot .he Ureer d,e of R d,= higher 

cenaifuf.1 force and *^'SS^'f fiSbaSs 24 as abo.. outlined will now 

The motion of the suppon discs lo ana «^"^^ pieure 7. it is assumed 

be theoretically described m cor^^^^^^^^^^ f a^S 2 is ?omeTabout its centre of 

that a support disc such as ^hown m higures i a^ coordinate system (x, 

rotation represented by the origm O of a 8 ^ is rotated about 

y) whUe at the same time a ^^^^ ^^.'"^Sit^^ is at the origin O. 

A on the ba^l **.X's°."^vS^^ riTSSoSrf S di» and a linear 
veloc^^'S^Tr^mitrf'rhaSS.LdbythefoU™^^ 



' " — .2wrn 
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A, which is expressed by the equation 

(2) v«=(2.N)n(x^+y^xi+^)+^^(i+A-^R^] 

where X and y reprint ^^^jf^^^^.fru^^ in obtaining an equation.for the 
;^sit?on c5S'' Se%S vecto?'c5'A is fotated through an angle w.th respect to 
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n 

the X axis and further through angle e— during rotation of veaor OO' through the 
N 

angle e until it reaches its position 0"A'. Therefore the equation for the locus of the 
point A is expressed by the equations 

n 

X = Rcos(x + + rcos 1/3 + e(1 +— )1 
N 

y=Rsin(.+«)+rsin[/S + e(l+— )] 5 
N 

Since the radius of curvature /' at any point on a curve y=F(x) is defined by the 
equation 

6. 

i 

the radius of curvature /> at any point on ±e locus expressed by the equations (3) 

is given by the equation ^" 

In terms of the acceleration g due to gravity the acceleration due to the <xnxil- 
fugal force on the point A can be expressed by VVpg- The equations (2) and (5) 
are substituted in V-//>g resulting in 

The above equation (6) can be used to calculate the centrifugal force exerted on any 
point on or in the circle O'. , _r c • u 

In order to determine the limits of n/N and R/r for satisfactory surface fimsh- 
ing, it is necessary only to calculate the centrifugal forces on a few special points on 
the circle O', To this end, the centrifugal forces were calculated for three pomts meet- 20 
ing the relationships. 

x=+y==(R±r)= 

""'^ x==+y=^=R»+r« 

Where x=+y==(R±r)= die two points are farthest firom and nearest to the origin O 25 
respectively and designated by the reference Roman numerals I and III in Rgure 
9, and where x- -}-y==R-+r= the point lies on each of the intersections of the circle 
6' and r. diameter perpendicular to the diameter passing through the pomts I and 
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11, me saiu t^'"- o 

. The centrifugal forces on 
the equations 



, ,2 R^t^wfl' 

The ««rituga. force on *e p«in< H is ^-1 to U,a, o„ ,he eence O' of U,e 

fugal forces on the pomts I, II ^J^fJI^^^^^^yt/pg. Curves I, H and HI are 
Sissa represents n/N and °^;^,\^_JSveb^\^^ range of n/N can be 

plotted for the points I' ."/x/"^^. be subsequendy described. . 

,or example, for R/r=3, r/N mus, meet the following i.»iua«ty 



0.732? >- 

N 



^•""'^htrS^^'^^eS'™^-^^^ barrel fini^ing .nachitie sold by the 

KWiSrS^JiSSfana lengt.. 

Radius of revolution R: 268 mm. ^ pHcants and consisting essentially of 

^^^1j?- orSSitn^d 32t'JfTb4ding ^^^^^^^^ or silica by wc.ght, 

formed in spheres whose diameter .s of 6 ± 0.5 mm. 
Charge ■ 50% of internal volume of barrel. 

Smpouidf g of CO-200 (Trade Mark) including 70% Na,P...O.-307. 
NaNO... 

Time: One hour. ;,i„„,ated in Fieure 10 wherein the abscissa represents 
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the ordinate represents the number N of revolutions per minute, n being equal to 
N. The curve illustrated in Figure 10 can be expressed by the eqtation 

where K" is a constant. ..... • i *u« 

Assuming that the amount of metal removed m polishing is proporuonal ^ 
number n/N of sliding movements of the mass per complete rotation of the disc, 
the rate of rotation N of the laner and the Sth power F' of the value of the centri- 
fu-'al force F exened on the central portion of the mass, the relationship between 
the centrifugal force and the amount Q removed from the workpieces is expressed 
by the equation 

Q=K,N— P; ifn=N: 
N 

Q=K.NF« 

Comparing equation (8) with equation (9) and considering that F is proportional to 
N-, s is determined to be equal to 1.24. 
F is expressed by 



Therefore the polishing efficiency is expressed by the equation 



(lo) 0=K>H25|nl. 



where s has a value of 124. In Figure 11 wherein the abscissa represents n/^ and 
die ordinate represents the polishing efficiency, the upper curve labelled 160 rpm 
was plotted for N=160 rpm and the lower curve labelled "120 rpm was plotted 
for N=120 rpm calculated from equation (10), plotted on a scale selected so that the 
polishing efficiency equals unity when n/N= — 1 and N=160 rpm. The dotted 
circles and open circles designate the measured values of the polishing efficiency. 
For the upper curve illustrated in Figure 11, the relationship between n/N and the 
measured amount removed from the workpieces in polishing is listed in the follow- 
ing Table I. 

Table I 

Relationship between n/N and measured amount removed widi N=160 rpm 
Amount removed n/N 
390 mg 0.5 
800 mg -0.5 
1,620 mg -10 
2,320 mg -1-5 
2,611 mg -2.0 

From Figure 11 it will be seen that die theoretical values of die polishing 
cfticiencj' aeree closelv with the corresponding measured values within a range of 
n/N between 0 and —2. This means diat equation (10) can be effectively used to 
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calculate polishing efficiency of any gyration baxrcl finishing within the range of n^ 
just^ified. xri„,re 11 shows that for any positive value, of n/N the 

On the other hand, ^^B^^^ Jtf^P^l^'Zt: verv difl«ent from the correspond- 
theoretical values of die pohstung ^'J"^ ^^^^^d value is a fraction of its 
ing measured ^^^'^^^f'^J^.'^^T^t+OS^ shows diat for n/N=+0.5 
correspondmg theoretical value for n/N + J. approaching zero ^?lue 

the centrifugal force on die .^!„7°'!ffJ^^e^normal sliding motion and is in 

whereby a mass in a barrel ^.tftl\^oT^ imS barrel waU. 

a floating sute mimediately before it st^^n^^^^^ ^ ^t,^^!^^^ ^3,^^ 

e.ceeX^r(r)S5SiV^^^^ 

2;^,a^vr^fue' 5T/S\?4ra"n Ib^^ ^^^f^ is unsuitable for use in 
^'''jh'^J^t'lSs^^een found diat the value of n/N should be negative rather tiian 

determine die dependence of ^^^P^^^^^^Z f °n°dTwSetTS 
were conducted with an/PP^"j.l,^"*^/!^°^^ iUustrated in 

variable, r=9JJ5 cm N=f240 rpm and n^^^ 1^ ^ rightiiand axis 

« of the point II (see Figure Vj to ^.^ ' chnw^ the acceleration. As previously 
curve shows the efficiency and the do«ed o^^ho^^ Ae a^i^at f y 

an excessively high centrifugal ^o^*^' g_!fi!iaf in tiiat upon surface finish- 

them can be preluninaxily determined. ^..^-.j respect to die case where 

F gurc 13 wherein die absassa represents n/ in ana i and widi a parameter 

r^"|i.S.i:g'^S.^ »?Thf^7e "itU polishing ca b. »«ac,ori.y 

CrillTo-io^T oirSSte syston (RA, n/N). The c.«ve shown .n F,g„r= 14 
can be expressed by the equation. 



„ R 
—=-0.3 1 



u «f n/K within which the polishing efficiency decreases with an th- 

^'""^tn^bsolL v?l^o7 n% wilH <^trifugal force on the outermost 

crease m be understood from die description for Figure 

rent'entircrem'^^^^^^^^^ value of nQ^^^^^^^.^^fA^^^^ ^^^^ '° 

shown Tn FigTrV 6 a'plurali^ If barrels such as hexagonal barrels 24, 24 and 24 
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having different radial dimensions r„ and r, may be sdecdvdy disposed at dif- 
ferent distances R„ R= and Rs such that R,+r„ Rj+r- and R,+r, are equal to each 
other. In this case the polishing efficiency is given by the equation 

l,^ a.K.r2«8K'*2« [lllllillil! ]• 

wherein K' is a constant and s has been previously defined. Figure 16 wherein the 
abscissa and ordinate have the same meaning as in Kgure 13 illustrates curves for 
equation (12) for various values of R/r. The negative numbers having a leading lines 
from adjacent to the ma.vimum point on each curve are the particular values of n/N 
providing the corresponding maximum values of the polishing efficiency. From Figure 
16 it will be seen that the smaller is R/r, the higher is the polishing efficient^. How- 
ever it has been found that the polishing efficiency increase to a certain limit as R/r 
decreases and that it has a maximum value adjacent to r/(R+r)=0.6 or R/r=2/3, 
after which the polishing efficiency decreases. The data in Figure 17 show diis. In 
Figure 17 the abscissae represent r/c, r/R and R/c where c=R+r and the ordinates 
represent the relative polishing efficiency Q. Also there is shown a curve for the 
relative polishing efficiency at n/N= — 1 or of the above dted British Patent No, 
1,047,703. . ^ ^ 

Thus the ratio R/r can now be selected from a domain defined by the upper 
and lower curve portions shown in Figure 17. 

From the foregoing it has been conduded that any negative value of n/N in 
excess of that providing a maxhnum value of the polishing efficiency as above des- 
cribed has no benefidal effect on the polishing process but merely increases the centri- 
fugal force on the outermost position I of the barrel and accordingly increases the 
ri^ of damage to the workpieces. Also, as seen in Figure 11, any value of n/N be- 
tween minus unit^' and zero decreases the distance through whidi a mass can slide 
down in the assodated barrel. This is disadvantageous in that the polishing effidency 
decreases and nevertheless the centrifugal force at the outermost portion of the barrel 
increases. Further any positive value of n/N is not at all advantageous as shown in 
Figure 11. 

More specifically, if the absolute value of minus^ n/N mcreases beyond nmty 
for any given value of R/r, then in the distance of sliding movement of a mass in 
a barrel increases and thereby the polishing efficienqr increases. The above-mentioned 
maximxun value of the polishing effidency monotonically increases until die ratio 
n/N reaches a certain value (see Hgure 11). However the centrifugal force on the 
surface layer of the mass in the barrel decreases as shown at carve 11 in Figure 9. 
This means that a large negative value of n/N makes it possible to surface finish 
workpieces into relative flat svirfaces and is espedally suitable for precise or glossy 
polishing. , 

Also it will be understood that the more the value of n/N approximates mmus 
unity, the shorter the distance through whidi a mass slides in the assodated barrel 
will be and therefore the higher the centrifugal force on the sliding mass will be. 
Therefore it is apparent that any negative value of n/N greater than and approxi- 
mating minus imity is suitable for heavy grinding. 

From the foregoing it has finally been concluded that surface finishing should 
be performed at an operating point positioned in a hatched domain shown in Figure 
18. Referring to a Cartesian orthogonal coordinate system (R/r, n/N), die hatched 

n R 

domain is defined bv a straight line expressed by — =—0.3 1 and a straight 

N r 

n 

line expressed bv — = — 1> but excludes the latter line, and by a pair of straight 
' N 

n R 

lines expressed bv R/r =1.5 and R/r=8 respectively. The equation — =—0.3 1 

N r 

represents the maximum values of the polishing effidency. 
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A.» in Figure. 17, *, ^'^^Z^^^^. SST^ilSSS^ 

abrasSicV into at l»« ?.= ta^l ^ .g^nal J^^-^OJ i", „„^'*a, a sulv 

equilateral P»ly8«n .ha.«g l^tom fi^. e^t^and m ^ ^ ^ 

stantial free space is left in the „j „ same time causing 

about its o«n aiis at a rate of <> ."^V^.f^^^^'Z^.f?," to and located 

the barrel to gyrate in the °PP<»;« X,"^.^»^e^? N ^^Sns per unit time, 
a, a distance R from f " °' ^'.^J^^'^^^it^^^^^^^ 

where R is greater tl»" ™'"ff °' V" ^f™^ Onesian orthogonal coordinate 
S:r(Rli!;V"S?U,<S il^^i^irit'^ ope«.ng poim Whose co-ordinates 



25 »tisfy the relations -l>^2-0-4-' '-S^J^'- 



abJ.es\=„"?^»q:^l|i^^^^ 

■^.TlurMsl^Sg^^^'^ clSm^^^ SL£lr"rrotn;"e^!^l 

.hat V^^Z^^U^^^^li^^t 

35 that L^aT^^STr^ ^SrS'^ ""'"""^ """" 

^''rrt?f^'^1rng"»i« " herem described and iUus^ted 
in the accompanying drawings. 



MARKS & CLERK, 
Chartered Patent Agents, 
Agents for the AppUcant(s). 
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